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FOREWORD

The National Toxicology Program (NTP) is made up of four charter agencies of the U.S. Department of
Health and Human Services (DHHS): the National Cancer Institute (NCI), National Institutes of Health; the
National Institute of Environmental Health Sciences (NIEHS), National Institutes of Health; the National
Center for Toxicological Research (NCTR), Food and Drug Administration; and the National Institute for
Occupational Safety and Health (NIOSH), Centers for Disease Control. In July 1981, the Carcinogenesis
Bioassay Testing Program, NCI, was transferred to the NIEHS. The NTP coordinates the relevant
-programs, staff, and resources from these Public Health Service agencies relating to basic and apphed
‘research and to biological assay development and validation.

The NTP develops, evaluates, and disseminates scientific information about potentially toxic and hazardous
-chemicals. This knowledge is used for protecting the health of the American people and for the primary
prevention of disease.

The studies described in this Technical Report were performed under the direction of the NIEHS and were
¢onducted in compliance with NTP laboratory health and safety requirements and must meet or exceed all
applicable federal, state, and local health and safety regulations. Animal care and use were in accordance
with the Public Health Service Policy on Humane Care and Use of Animals. The prechronic and chronic
studies were conducted in compliance with Food and Drug Administration (FDA) Good Laboratory Practice

' Regulations, and all aspects of the chronic studies were subjected to retrospective quality assurance audits
before being presented for public review.

These studies are designed and conducted to characterize and evaluate the toxicologic potential, including
carcinogenic activity, of selected chemicals in laboratory animals (usually two species, rats and mice).
Chemicals selected for NTP toxicology and carcinogenesis studies are chosen primarily on the bases of
human exposure, level of production, and chemical structure. The interpretive conclusions presented in this
Technical Report are based only on the results of these NTP studies. Extrapolation of these results to other
species and quantitative risk analyses for humans require wider analyses beyond the purview of these
“studies. Selection per se is not an indicator of a chemical's carcinogenic potential.

These NTP Technical Reports are available for sale from the National Technical Information Service,

' U.S. Department of Commerce, 5285 Port Royal Road, Springfield, VA 22161 (703-487-4650). Single
copies of this Technical Report are available without charge while supplies last from NTP Central Data
Management, NIEHS, P.O. Box 12233, MD E1-02, Research Triangle Park, NC 27709 (919-541-3419).
Listings of all published NTP reports and ongoing studies are also available from NTP Central Data
Management. The Abstracts and other study information for 2-year studies are also available at the NTP's
World Wide Web site: http//ntp-server.niehs.nih.gov.
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ABSTRACT

Studies were conducted to compare outcomes when
four chemicals were evaluated under typical NTP
bioassay conditions as well as under protocols
employing dietary restriction. Specific experiments
were designed to evaluate the effect of diet restriction
on the sensitivity of the bioassay toward chemical-
induced chronic toxicity and carcinogenicity and to
evaluate the effect of weight-matched control groups
on the sensitivity of the bioassays. Two chemicals,
butyl benzyl phthalate and #-butylhydroquinone, were
administered in feed; one chemical, salicylazosulfa-
pyridine, was administered in corn oil by gavage; and
one chemical, scopolamine hydrobromide trihydrate,
was administered in distilled water by gavage. In
each of four protocols, the effects of the chemical
were assessed by a comparison between a group
exposed to a single dose concentration of the study
chemical and a nonexposed control group. F344/N
rats and B6C3F, mice were fed NIH-07 diet either
ad libitum or in amounts that restricted mean body
weights according to the following design require-
ments. For the core bioassay, groups of 50 to
60 ad libitum-fed animals were allotted to a control
group and three dosed groups for approximately
104 weeks or up to 128 weeks (#-butylhydroquinone
study). The comparison between the control group
and the group receiving the highest' dose was used to
represent the outcome of the bioassay under
ad libitum feeding protocols. In a second comparison,
outcomes from the group receiving the highest dose
were compared with a weight-matched group of 50 to
60 untreated controls; the weight-matched controls
received feed in amounts restricted so that the mean
body weight matched the mean body weight of the
dosed group. : . s

Two additional groups of 48 to 60 animals (one
control and one dosed group) were offered feed in
amounts that limited the mean body weight of the
control group to approximately 85% that of the
controls fed ad libitum under the first protocol.
Animals assigned to this dietary. restriction paradigm
were evaluated after 104 weeks or 130 weeks
(t-butylhydroquinone). A fourth protocol was em-

-ad libitum-fed and weight-matched controls.

loyed to.evaluate whether an additional period of
exposure (up to 1 year) would influence the neoplasm
profile of animals fed a restricted diet. Two ‘groups of
approximately 50 animals (one control and one dosed
group) in the butyl benzyl phthalate, salicylazosulfa-
pyridine, and scopolamine hydrobromide trihydrate
studies received restricted diets, as under the third
protocol, for 3 years or until survival in either group
was reduced to 20%.

Butyl benzyl phthalate caused an increased incidence
of pancreatic acinar cell neoplasms in ad libitum-fed
male rats relative to ad libitum-fed and weight-m-
atched controls. This change did not occur in rats in
the restricted feed protocol after 2 years; however,
acinar cell adenomas were observed in three exposed,
feed-restricted males at 30 months. Feed restriction
is known to influence the incidence of pancreatic
acinar cell neoplasms and may have prevented the full
expression of this chemical-induced effect. Butyl
benzyl phthalate also caused an increased incidence of
urinary bladder neoplasms in female rats in the
32-month restricted feed protocol. The incidences of
urinary bladder neoplasms were not significantly
increased in female rats in any of the 2-year protocols,
suggesting that the length of study, and not body
weight, was the primary factor in the detection of this
carcinogenic response.

‘Salicylazosulfapyridine caused an increased incidence

of urinary bladder papillomas in male rats fed
ad libitum relative to ad libitum-fed and weight-
matched controls. This increase was associated with
an increased incidence of urinary bladder calculi; the
incidences of urinary bladder concretions, dilatation,
and hyperplasia were also increased in dosed males.
The incidences of urinary bladder papillomas and
calculi were not increased in male rats receiving
salicylazosulfapyridine that were fed restricted diets.

In male mice, salicylazosulfapyridine caused an
increased incidence of liver neoplasms relative to the
This
increase did not occur in the restricted feed protocols.
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Liver neoplasms in mice are greatly influenced by
body ‘weight, and the marked mean body weight
reduction observed in dosed male mice in the
restricted feed protocols may have overridden the
carcinogenic response.

Neither ¢-butylhydroquinone noriscopolamine hydro-
bromide trihydrate caused increased neoplasm inci-
dences under any of the experimental protocols.

Results consistently show that feed restriction caused
decreased incidences of neoplasms and nonneoplastic
lesions at a variety of anatomic sites in control and
dosed animals. Furthermore, the sensitivity of the
bioassay to detect a carcinogenic response was altered
by dietary restriction: two of the four chemicals
caused increased incidences of neoplasms at three
sites when evaluated under a standard ad libitum
feeding protocol for 104 weeks. When control and
-dosed groups were subjected to dietary restriction,
none of these three sites was detected as a target of
carcinogenesis after 2 to 3 years. Rather, one dif-
ferent site of carcinogenesis was detected after
32 months. When dosed animals in the ad libitum
feeding protocol were compared to weight-matched
control groups, three sites were identified as targets of
carcinogenesis and corresponded to the three sites
discovered under the ad libitum feeding protocol.

Dietary Restriction, NTP TR 460

The magnitude of the response was greater when the
weight-matched controls protocol was used. Dietary
restriction of dosed and control animals decreased the -
sensitivity of these carcinogenesis bioassays.

Regarding the future use of dietary restriction regi-
mens in long-term studies, only limited conclusions
can be drawn because only four chemicals were
evaluated and none of these proved to be a strong
carcinogen. However, the results of these studies are
consistent with previous findings that dietary restric-
tion increases survival rates and decreases the inci-
dences of neoplasms and nonneoplastic lesions at a
variety of sites in rats and mice. This association
between reduced body weights and decreased neo-
plasm incidences underlines the necessity that the
doses selected for chronic studies not exceed "mini-
mally toxic doses" so that no marked body weight
reductions (or increases) will occur in the dosed

_groups. Such body weight changes complicate the

detection of carcinogenic effects.

The following tables summarize and compare ‘the
findings from ad libitum-fed, weight-matched, and
feed-restricted groups for each chemical.

A summary of the Technical Reports Review Subcommittee comments and the public discussion on this Technical Report appears on page 13.
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Summary of the Dietary Restriction Study of Butyl Benzyl Phthalate

Ad Libitum Weight-Matched Restricted Feed Restricted Feed
Feeding Controls® (2 Years) (Lifetime®)
MALE RATS
Doses 0 or 12,000 ppm in 0 or 12,000 ppm in 0 or 12,000 ppm in 0 or 12,000 ppm in
feed feed feed . feed '
Body weights® 4178,379¢ 377g,379¢g 355,336 g 363g,340g
Survival rates 28/50, 22/50 34/50, 22/50 34/50, 31/50 10/50, 13/50

Nonneoplastic
effects

Neoplastic effects

FEMALE RATS

Doses

Body weights
Survival rates

Nonneoplastic
effects

Neoplastic effects

hyperplasia (4/50,
12/50)

cinug):

.adenoma (3/50, 10/50)

[
0 or 24,000 ppm in
feed
225g,19¢g
25/50, 29/50
transitional epithelium,
hyperplasia (4/50,
10/50)

None

Pancreas (acinus):
hyperplasia (2/50,
12/50)

Pancreas (acinus):
adenoma (0/50, 10/50)

0 or 24,000 ppm in
feed

203g,19¢g
41/50, 29/50

Urinary bladder:
transitional epithelium,
hyperplasia (0/50,
10/50)

None

None

- None

0 or 24,000 ppm in
feed

187g,175¢g

35/50, 39/50
transitional epitl;elium,
hyperplasia (0/50,
14/50)

None

None

None

0 or 24,000 ppm in
feed

189g, 1758
10/50, 11/50

Urinary bladder:

" transitional epithelium,

hyperplasia (0/49,
16/50)

Urinary bladder:
papilloma'or ]
carcinoma (1/49, 6/50)

3 Includes exposed group from ad libitum feeding protocol

b Survival fell to 20% at 30 months (males) or 32 months (females)
¢ Body weight data are presented as the average of weekly mean body weights for weeks 14 through 52:




S\_nmmary of the Dietary Restriction Study of t-Butylhydroquinone -
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Neoplastic effects

Ad Libitum Weight-Matched Restricted Feed

Feeding - Controls® (30 Months)
MALE RATS
Doses Oor 5,000 ppm in feed 0 or 5,000 ppm in feed . 0 or 5,000 ppm in feed
Body weights” 05,3908 78g 3908 365 g, 361

, Survival rates 8/60, 1.4/60 12/60, 14/60 10/60, 22/60 |
Nonneoplastic effects None None None
Neoplastic effects None None None
FEMALE RATS
Doses 0 or 5,000 ppm in feed - . 0 or 5,000 ppm in feed 0 or 5,000 ppm in feed
Body weights 2328211 g C a3g2lg 196 g, 196 ¢
Survival rates - 10/60, 17/60 | 22/60, 17/60 4 . 1'8/60, 24/60
Nonneoplastic effects N0ne_ : None None;
None None None

3 Includes exposed group from ad libitum feeding protocol

b Body weight data are presented as the average of weekly mean body weights for weeks 14 through 52.



Neoplastic effects

(0/50, 7/50); mucosa,
hyperplasia (0/50,
41/50)

Kidney: concretion
0/50, 33/50);
hydronephrosis (0/50,
28/50); mineralization
(3/50, 13/50); renal
tubule dilatation (0/50,
11/50); transitional
epithelium, hyperplasia
(10/50, 43/50)

Spleen: hematopoietic
cell proliferation
(14/50, 23/50);
hemosiderin
pigmentation (14/50,
30/50)

Urinary bladder:
papilloma (0/50, 6/50)

(1/50, 7/50); mucosa,
hyperplasia (0/50,
41/50)

Kidney: concretion

- (0/50, 33/50);

hydronephrosis (0/50,
28/50); mineralization
(6/50, 13/50); renal
tubule dilatation (1/50,
11/50); transitional
epithelium, hyperplasia
(5/50, 43/50)

Spleen: hematopoietic
cell proliferation
(9/50, 23/50);
hemosiderin
pigmentation (20/50,
30/50)

Urinary bladder:
papilloma (0/50, 6/50)

Kidney: concretion
(0/51, 22/50);
mineralization (2/51,
11/50); transitional
epithelium, hyperplasia
(3/51, 18/50)

Spleen: hemosiderin
pigmentation (12/51,
35/50)

None

r. Dietary Restriction, NTP TR 460 9
Summary of the Dietary Restriction Studies of Salicylazosulfapyridine
Ad Libitum Weight-Matched Restricted Feed Restricted Feed
Feeding Controls® (2 Years) (30 Months)
MALE RATS
Doses 0 or 337.5 mg/kg in 0 or 337.5 mg/kg in 0 or 337.5 mg/kg in 0 or 337.5 mg/kg in
corn oil by gavage corn oil by gavage corn oil by gavage corn oil by gavage
Body weights® 410¢g, 399 g 408 g,'399 g 346 g, 330 g 348g,329g
Survival rates 35/50, 23/50 31/50, 23/50 34/51, 39/50 10/49, 24/50
Nonneoplastic Urinary_bladder: Urinary bladder: Urinary bladder: Urinary bladder:
effects calculus (0/50, 27/50); calculus (0/50, 27/50); transitional epithelium, transitional epithelium,
concretion (0/50, concretion (0/50, hyperplasia (0/51, hyperplasia (0/49,
10/50); dilatation 10/50); dilatation 7/50) 8/49)

Kidney: concretion
(0/49, 35/50);
nephropathy (39/49,
48/50); transitional
epithelium, hyperplasia
(1/49, 37/50)

Spleen: hemosiderin
pigmentation (15/49,
33/49)

None
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Summary of the Dietary Restriction Studies of Salicylazosulfapyridine (continued)

Ad Libitum Weight-Matched Restricted Feed Restricted Feed
Feeding Controls? (2 Years) (3 Years)

MALE MICE
Doses 0 or 2,700 mg/kg in 0 or 2,700 mg/kg in 0 or 2,700 mg/kg in 0 or 2,700 mg/kg in

corn oil by gavage corn oil by gavage corn oil by gavage corn oil by gavage
Body weights 45.0g,38.3g 394g,383¢ 392g,320g 384g,322¢
Survival rates 40/50, 46/50 45/50, 46/50 42/52, 44/50 20/48, 34/50
Nonneoplastic Liver: clear cell focus Liver: clear cell focus None None
effects (2/50, 11/50); (2/50, 11/50);

eosinophilic focus eosinophilic focus

(6/50, 22/50) (1/50, 22/50)
Neoplastic effects Liver: hepatocellular Liver: hepatocellular None None

adenoma (13/50,
42/50)

adenoma (8/50, 42/50)

3 Includes dosed group from ad libitum feeding protocol

Body weight data are presented as the average of weekly mean body weights for weeks 14 through 52.
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Summary of the Dietary Restriction Study of Scopolamine Hydrobromide Trihydrate
Ad Libitum Weight-Matched Restricted Feed Restricted Feed
Feeding Controls? 2 Years) (3 Years)

MALE MICE

Doses

Body weightsb
Survival rates

Nonneoplastic
effects

Neoplastic effects

FEMALE MICE

Doses

Body weights
Survival rates

Nonneoplastic
effects

Neoplastic effects

0 or 25 mg/kg in water
by gavage

450g,36.0g
40/50, 39/50

None

None

0 or 25 mg/kg in water
by gavage

432¢g,348¢g
33/51, 38/51

None

None

0 or 25 mg/kg in water
by gavage

35.9g, 360¢g

41/50, 39/50

None

None

0 or 25 mg/kg in water
by gavage

323g,348¢g

36/50, 38/51

None

None

0 or 25 mg/kg in water
by gavage

313g 29.1¢g
49/50, 48/50

None

None

0 or 25 mg/kg in water
by gavage

292g,278¢g
47/50, 44/50

None

None

0 or 25 mg/kg in water
by gavage

31.9g,29.2¢

28/50, 37/50

None

None

0 or 25 mg/kg in water
by gavage

299¢g,272¢g
20/50, 19/50

None

None

2 Includes dosed group from ad libitum feeding protocol

Body weight data are presented as the average of weekly mean body weights for weeks 14 through 52.
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SUMMARY OF 'JI‘]ECHN]ICAL REPORTS REVIEW SUBCOMMITTEE COMMENTS

On 20 June 1995, the draft Technical Report on the
effect of dietary restriction on toxicology and carci-
nogenesis studies in F344/N rats and B6C3F, mice
received public review by the National Toxicology
Program's Board of Scientific Counselors' Technical
Reports Review Subcommittee. The review meeting
was held at the National Institute of Environmental
Health Sciences, Research Triangle Park, NC.

Dr. F.W. Kari, NIEHS, introduced the studies by
noting that it has been recognized since the turn of the
century that body weight reductions or feed restriction
with concomitant decreases in body weight results in
increased longevity and decreased incidences of a
variety of neoplasms and nonneoplastic lesions. He
showed an abbreviated list of literature reports indi-
cating that this phenomenon is not unique to a par-
ticular species, strain, sex, tumor site, or carcinogen.
Dr. Kari then reviewed the primary objectives and
overall design of the studies with the four chemicals,
butyl benzyl phthalate, z-butylhydroquinone, salicyl-
azosulfapyridine, and scopolamine hydrobromide
trihydrate, and described the four basic comparisons
made in the studies. Dr. Kari provided an overview
of the results, discussing discordance or disparities
between the outcomes under the various protocols.
Dr. Kari then discussed neoplasm sites particularly
with regard to biological plausibility of weight reduc-
tion versus chemical exposure as determinants of
incidence for certain neoplasms.

Dr. Goldsworthy, the principal reviewer, stated that
the experimental results were predictable, given the
preexisting literature and especially the limited
responses seen with the four chemicals. The study
corroborates earlier evidence that increased survival
and decreased incidences of certain neoplasms occur

in studies with dietary restriction. His major criticism -

was that the selected chemicals limited the number of
insights and conclusions that could be made. He said
that both weak and strong carcinogens should have
been used and that the chosen chemicals should have
targeted tissues that are sensitive to dietary restric-
tion and that have low spontanéous neoplasm inci-
dences, where changes due to dietary restriction in
untreated animals normally could not be. observed.
He said this was not the case in the current studies,

.and it was not clear how the chemicals were chosen.

Dr. Goldsworthy pointed out that the studies were
properly conducted, and he thought that some of the
interesting insights of the studies were obtained by
examining the limited responses or subtle differences
that were detected. These insights were important
because there is a need both .in the literature and in
future studies for determining the effects of dietary

. restriction on very small and variable changes after

long-term chemical administration.

Dr. Weindruch, a special reviewer, prefaced his
comments by saying they should be viewed as those of
a gerontologist with a long-term interest in the
retardation of aging and diseases by dietary restric-
tion. - His main scientific concern involved the lack of
a precise definition of the ad libitum feed intake and
that the methods described did not lend confidence
that the intake was precisely measured.. In his
experience with many strains of rats and mice,
ad libitum feed intake varied considerably between
animals. Thus, with a target of 15% mean body
weight reduction, there would be a large range of
individual intake values, and the use of group housing
added to this problem. Dr. Weindruch spoke against
the stated implication that dietary restriction "works"
by preventing obesity, and he spoke for diets enriched
in vitamins, minerals, and amino acids so as to
balance the intakes of dietary essentials among rodents
fed different levels of calories and undergoing toxicol-
ogy testing. Finally, he said that the scientific ratio-
nale for the choices of the test chemicals, doses, and
routes of administration needs to be stated clearly in
this Technical Report. : :

Dr. Hart, the second special reviewer, said his fore-
most criticism had to do with the choice of test
chemicals, commenting that if he were going to test a
new paradigm for conducting bioassays, he would not
randomly choose four chemicals for evaluation.
Dr. Hart commented that the use of a maximum
tolerated dose determined in ad libitum-fed animals to
calculate doses in animals fed restricted diets is
misleading at best, as toxic endpoints can be more
severely impacted by feed restriction than by
carcinogenicity. He said that using weight-restricted

“controls fails to take into consideration the impact that
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altered caloric intake can have on a number of key
physiological, metabolic, biochemical, and molecular
parameters, €.g., polydipsia, increased renal clear-
ance, or alteration of key drug metabolizing enzymes
in feed-restricted animals. Dr. Hart found discon-
certing a perceived lack of concern by the investiga-
tors that the data, in his view, fly in the face of
50 years of similar studies, conducted in over 20 lab-
oratories, using over 30 different model carcinogens,
which have shown that in general, dietary restriction
delays the onset or reduces the severity of neoplastic
changes but does not completely eliminate such
changes. He felt it is also important to note that
where chemically induced neoplasms appeared to be
eliminated in the current studies, the mean body
weights of the dosed groups were significantly less
than those of the corresponding feed-restricted control
groups. ' This compromised the assumption that the
neoplasms had really been eliminated. Dr. Hart stated
that his main point and, as he viewed it, the main
point of this Technical Report is that if dietary restric-
tion is used, it should be moderate. Furthermore, to
enhance interstudy reproducibility, a more physio-
logical normalizer such as adjusting dietary intake to
achieve an idealized body weight curve will be
needed. He proposed that a small workshop be
convened to discuss and decide what an idealized
body weight curve is, how to achieve it, and how to
monitor it. The findings and recommendations could
be reported back to the NTP Board.

Dr. Kari acknowledged the suggestions concerned
with using more idealized conditions. However, he
stated that the primary purpose of the dietary restric-
tion studies was to create a data base that would help
to clarify results retrospectively when there were
alterations in body weight (presumably due to primary
or secondary chemical effects) and to guide the
interpretation of prospective studies in which alter-
ations in body weight are expected. Thus, the exper-
imental conditions in these dietary restriction studies
needed to mimic those used in the bioassays, such as
group housing and standardized diet. He said there is
a definite lack of consensus in the literature as to the
best experimental conditions, and it is important to
have a data base that allows interpretations of effects
that are often subtle. With regard to the chemicals
selected for study, Dr. Kari said selection was based
in part on neoplasms and nonneoplastic lesions
expected to be induced by the particular chemicals
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selected, based on the information available at the
time of selection. The chemicals in this set of studies
were representative of the majority of chemicals tested
by NTP; indeed, potent multisite carcinogens are
exceptional. '

Dr. Hart noted that the fact that the dietary restriction
paradigm works under diverse conditions suggests that
body weight is a factor to be considered in making an
evaluation of toxicity. He thought the NTP study
could serve as a good baseline; however, better model
compounds are needed to test the paradigm.
Dr. Weindruch said the driving force is the caloric
intake per se. Dr. Karol stated that it is important to
look at the mechanisms of effects seen in dietary
restriction studies.

Dr. K. Keenan, Merck Research Laboratories, said
his laboratory is already using dietary restriction;
however, it is called "proper nutrition" in studies with
Sprague-Dawley rats. He said the percent restriction
is irrelevant, but what is important is the number of
kilocalories consumed per rat per day. He showed
data from studies in his laboratory and the Wistar
Institute correlating kilocalories per day the with the
percentages of animals bearing neoplasms and neo-
plasms per rat. He stated that ad libitum feeding is
one of the most adverse events to which an animal can
be subjected. Dr. Keenan concluded by summarizing
the positive effects (and the lack of adverse effects) of
moderate dietary restriction on animal health, lon-
gevity, and spontaneous and chemical-induced neo-
plasm incidences at his laboratory.

Dr. Miller stated that she supported bringing together
experts in nutrition, geriatrics, and toxicology to focus
on the issues around dietary restriction and toxicology
studies. Dr. G.W. Lucier, NIEHS, agreed it would
be a good idea for the NTP to sponsor a workshop to
address these issues. The findings and recommen-
dations could be commented on in an open meeting,
perhaps through the NTP Board. Chemical selection
would be an important issue. Dr. J.R. Bucher,
NIEHS, commented on the increasing body weights of
F344/N rats in NTP studies and the debate about
whether the NTP will have to go to a more expensive
and technically difficult dietary restriction regimen for
all of its studies. Dr. G.N. Rao, NIEHS, said that the
key to stopping or reversing the upward drift of
animal body weights is to go back to the production
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colonies or to establish a colony. to effect controls
over growth patterns. Dr. A. Turturro, NCTR,
observed that breeding back will not necessarily yield
the same animal. He said the large variability
between individual animals within studies must some-
how be controlled or reduced. Dr. W.T. Allaben,
NCTR, reported that as an outcome of a conference in
1994, the FDA has put together a draft white paper
looking at the issue of diet, variability of test out-
comes, and the value of caloric restriction in control-
ling for that variability; this document will soon be
presented for public comment. Dr. Kari said it is
_ important that false negatives and false positives are
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not masked. Returning to the concept of a workshop,
Dr. Lucier commented that the impact of dietary
restriction on additional toxicologic endpoints needs to
be addressed. Dr. Hart said that the term "dietary
control" might be preferable to "dietary restriction. "
He said the FDA would cosponsor a workshop, and
Dr. Karol indicated that the Society of Toxicology
would be interested in serving as a cosponsor.
Dr. Keenan said the Society of Toxicologic Patholo-
gists was planning a symposium in June 1996, and he
suggested that better integration among sponsoring
groups was needed.
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INTRODUCTION

It is well documented that dietary restriction
with concomitant body weight reduction significantly
increases longevity and decreases the incidence of
background and chemical-, physical-, and biological-

induced tumors in rats and mice (Tannenbaum, 1940;

Ross and Bras, 1973; Gross and Dreyfuss, 1984;
Pollard et al., 1984; Weindruch and Walford, 1988).
The interrelationships between body weights, survival
rates, and neoplasm incidences suggest that practical
benefits as well as problematic confounding factors
may be introduced when feed intake, body weights, or
both are intentionally or unintentionally altered in
toxicity and carcinogenicity bioassays for chemical
hazard identification.

Typically, chronic studies involve feeding rodents
ad libitum while exposing them to several concentra-
tions of a chemical for up to 2 years. In dietary
restriction paradigms, the feed presented to control
and dosed animals is restricted to amounts that result
in reduced body weights relative to those of animals
fed ad libitum. Because diet restriction fosters leaner
animals that live longer than more obese animals
(Maeda et al., 1985; Yu et al., 1985), experiments
conducted with dietary restriction may permit higher
survival rates, thereby allowing more opportunities for
chemical exposure and more time for treatment-
related lesions to develop. It follows that these
influences might enhance statistical power and
increase the ability to resolve chemical effects in
toxicity and carcinogenesis studies.

These potentially beneficial influences could be
confounded by the propensity of dietary restriction to
generally decrease tumor incidence. . A chemical
observed to be toxic or carcinogenic in animals fed
ad libitum might not produce the same effects in
diet-restricted or otherwise leaner animals. This
discordance could cause difficulties in comparing
tumor outcomes within and between studies. For
example, observations collected for over a decade
from the NTP show that some background tumor rates
have comigrated with increasing body weights

(Haseman and Rao, 1992; Haseman, 1993). Theoreti-
cally, comparisons between otherwise identical studies
conducted several years apart could yield disparate
results influenced primarily by the body weight of the
animals.

STUDY RATIONALE

Chemical-associated body weight depression in
13-week toxicity studies is routinely used in conjunc-
tion with other factors to select exposures for 2-year
toxicity and carcinogenicity studies. By design, the
highest dose concentrations selected for some toxicity
studies cause body weight depression. Comparisons
in an experiment in which dose-related decreases in
feed intake or body weight occur are potentially con-
founded by the influence of body weight on survival
and disease processes. As fewer neoplasms would be
expected in the leaner animals than in similarly dosed
but heavier animals, carcinogenic activity might be
underestimated.

To begin assessing the merits and limitations of
different dietary regimens in bioassays, studies were
undertaken to compare the outcomes of four chemicals
evaluated under typical NTP bioassay conditions as
well as under protocols including dietary restriction.
Specifically, these experiments were designed to
evaluate the effect of dietary restriction (to achieve a
body weight reduction of approximately 15% com-
pared to animals fed ad libitum) and to evaluate the
effect of weight-matched control groups on the
sensitivity of the bioassays. The results, based on
these data, show a marked difference in bioassay
outcome depending upon the protocol used.

Studies were designed to compare the toxicity and
carcinogenicity of four chemicals, each evaluated
under three (z-butylhydroquinone study only) or four
different protocols. In each protocol, the effects of
the chemical were assessed by a comparison between
a group administered a single concentration of the
chemical and a control group (Figure 1). The
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FIGURE 1

General Design of Feed Restriction Studies

concentrations were chosen based upon outcomes of
13-week studies conducted under ad libitum feeding
protocols. :

For the core bicassay, groups of about 60 animals,
fed ad libitum, were allotted to control and dosed
groups (nominally 0, 1/4X, 1/2X, and 1X) for
approximately 104 weeks or up to 128 weeks (s-butyl-
hydroquinone study). The comparison between the
control group and the group receiving the highest dose
(1X) was used to represent the outcome of the bio-
assay under ad libitum feeding protocols (Figure 1,
Comparison 1).

In a second experimenf, the 1X group was instead
compared  with a weight-matched group of
60 untreated controls (Figure 1, Comparison 2). The

'daily feed allotment for this control group was

restricted so that the mean body weight matched the
mean body weight of the 1X group.

Two additional groups of about 60 animals (one
control and one treated group) were offered feed in
amounts that limited the mean body weight of the
control group to approximately 85% that of the
controls fed ad libitum under the first protocol.
Animals assigned to this third dietary restriction
paradigm were evaluated after 104 weeks (Figure 1,
Comparison 3). '

Because animals fed a restricted diet are expected to
live longer than animals fed ad libitum, concurrent
evaluations could result in comparisons at dispropor-
tionate times in their respective lifespans, thereby
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masking age-dependent effects. Therefore, a fourth
protocol was employed to evaluate the influence of an
additional year of chemical exposure on the neoplasm
profile of animals fed a restricted diet. Two groups of
50 animals (one control and one dosed group)
received restricted diets, as under the third protocol,
for 3 years or until survival in either group was
reduced to 20% (Figure 1, Comparison 4).

The protocols described above and shown in Figure 1
were used in the evaluation of four chemicals, butyl
benzyl phthalate, salicylazosulfapyridine, ¢-butyl-
hydroquinone, and scopolamine hydrobromide tri-
hydrate.  Dietary- restriction protocols were not
imposed across all dose groups of the four
gender/species combinations typically used by the
NTP; however, male and female rats and mice are
represented in these studies, as are the two principal
modes of oral exposure (dosed feed and gavage).
Butyl benzyl phthalate was administered to male and
female rats in feed. #-Butylhydroquinone was admin-
istered to F, male and female rats in feed; in this
study, rats were exposed in utero and during lactation
through F, (parental) exposure as well as during the
adult stages of life. Salicylazosulfapyridine was
administered to male rats and male mice by gavage in
corn oil. Scopolamine hydrobromide trihydrate was
administered to male and female mice by gavage in
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water. For the dosed feed studies, animals were
offered a single concentration of the chemical
(1X mg/kg body weight) blended in NIH-07 mash-
type diet. For the gavage studies, a single
concentration of the chemical (1X mg/mL vehicle)
was mixed in corn oil or distilled water and
administered to the animals at a dose of 5 mL corn oil
or distilled water per kilogram body weight (rats) or
10 mL/kg (mice); control animals received the gavage
vehicle only. Thus, for feed and gavage exposures,
animals treated under ad libitum feeding or dietary
restriction protocols received similar quantities of a
given chemical on a body weight basis.

Butyl benzyl phthalate, f-butylhydroquinone, salicyl-
azosulfapyridine, and scopolamine hydrobromide
trihydrate (Figure 2) were administered in feed or by
gavage for 2 years under the standard NTP ad libitum
feeding protocol; these studies are presented in NTP
Technical Reports 445, 457, 458, and 459 (NTP,
1997a,b,c,d).  Additional animal groups were
included to permit comparisons of the sensitivity of
assays incorporating ad libitum feeding, matching the
mean body weights of controls to those of dosed
animals, and restricting the diet to achieve body
weights that were approximately 85% those of con-
trols fed ad libitum. The results of these comparisons
are presented in this Technical Report. '
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MATERIALS AND METHODS

PROCUREMENT

AND CHARACTERIZATION

Butyl benzyl phthalate was obtained from Chem
Central (Kansas City, MO). t-Butylhydroquinone was
obtained from U.O.P., Inc. (Des Plaines, IL).
Salicylazosulfapyridine was obtained from Pharmacia,
Inc. (Piscataway, NJ). Scopolamine hydrobromide
trihydrate was obtained from Henley and Company,
Inc. (New York, NY). Identity, purity, and stability
analyses were conducted by the analytical chemistry
laboratory, Midwest Research Institute (Kansas City,
MO). Reports on analyses performed in support of
these studies are on file at the National Institute of
Environmental Health Sciences (NIEHS). Detail-
ed information on the analyses of each chemical is
also provided in the Technical Reports (NTP,
1997a,b,c,d).

The identity of each chemical was confirmed by
infrared, ultraviolét, and nuclear magnetic resonance
spectroscopy. The purity of each chemical was
determined by elemental analysis, Karl Fischer water
analysis, functional group titrations, and one or more
chromatographic methods. Butyl benzyl phthalate and
t-butylhydroquinone were each determined to have a
purity of approximately 99%. Salicylazosulfapyridine
was determined to have a purity of at:least 98%.
Scopolamine hydrobromide trihydrate was determined
to have a purity of approximately 89% (with 11%
water). The stability of each bulk chemical was
monitored by the study laboratory; no degradation of
any of the bulk chemicals was detected.

IPREPARATION AND ANALYSIS

OF DOSE FORMULATIONS

Detailed information on dose preparation and analyses
for butyl benzyl phthalate, r-butylhydroquinone,
salicylazosulfapyridine, and scopolamine hydrobro-
mide trihydrate are provided in the Technical Reports
(NTP, 1997a,b,c,d). For the butyl benzyl phthalate
and #-butylhydroquinone studies, the bulk chemical

was mixed with feed. For the salicylazosulfapyridine
studies, the bulk chemical was mixed with corn oil;
scopolamine hydrobromide trihydrate was mixed with
distilled water. -

Dose formulations for each chemical were periodi-
cally analyzed by the study laboratories. Dose
formulations were generally within 10% of the target
concentration. Results of periodic referee analyses
performed by the analytical chemistry laboratory
agreed with the results obtained by the study labora-
tories. Periodic analyses by the study laboratory of
the corn oil vehicle used in the salicylazosulfapyridine
studies demonstrated that peroxide levels were gen-
erally within the acceptable limit of 3 mEq/kg; two
lots that were slightly outside the acceptable limit
were replaced as quickly as possible.

STUDY DESIGNS

Diets and Feeding

NIH-07 open formula diet (4.0126 cal/g), obtained
from Zeigler Brothers, Inc. (Gardners, PA) was
offered either ad libitum or in restricted quantities.
For the butyl benzyl phthalate and r-butylhydro-
quinone feed studies, a mash formulation was used;
for the salicylazosulfapyridine and scopolamine
hydrobromide trihydrate gavage studies, feed was
processed into precise 1-gram pellets, thereby facili-
tating the presentation of restricted amounts of feed by
eliminating the requirement for weighing.

For the core ad libitum feeding protocol (Figure 1,
Comparison 1), the control and dosed groups were
allowed unlimited access to feed. Apparent feed
intake, as measured by disappearance of feed from
feed hoppers (cage averages), was generally measured

. weekly for the first 26 weeks and monthly thereafter.

In all studies, individual animal body. weights were
determined weekly for the first 13 weeks and monthly
thereafter. Feed spillage was not determined; there-
fore, values reported for feed intake represent uncor-
rected indexes of actual consumption.
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The daily feed allotment for the weight-matched
control groups was restricted so that the mean body
weights of these groups would match those of the
corresponding 1X groups (Figure 1, Comparison 2).
The first 2 weeks of each study were used to establish
baseline averages for body weights and feed intake;
consequently, dietary restriction was not imposed
- during this period. Thereafter, daily feed offerings to
the weight-matched control groups were determined
from the ratio of the mean body weight of dosed

animals to that of the ad libitum controls multiplied by

" the feed intake of the ad libitum controls. For
example, if the mean body weight of the 1X group
was 90% that of the ad libitum controls at a given
weighing period, the amount of feed presented to the
weight-matched controls the following week was 90%
that of the average feed intake of the ad libitum
controls during the week of the given weighing. The
new weekly target value for feed intake was then
divided by seven to obtain a daily value, then mul-
tiplied by the number of animals per cage and rounded
to the nearest gram. The resultant feed mass was put
" into the cage feed hoppers daily. Corrections for
body weight changes, if necessary, were made weekly
for the first 13 weeks and monthly thereafter. Correc-
tions for changes in the number of rats per cage due
to mortality were made as these changes occurred.

In an analogous manner, feed-restricted control
groups (Figure 1, Comparisons 3 and 4) were offered
a quéntity of feed sufficient to produce a 15% reduc-
tion in body weight compared to the -ad libitum
controls. Feed-restricted, dosed groups were offered
an amount of feed identical to that given the feed-
restricted controls. This portion of each study was
begun 2 weeks after the ad libitum feeding portion so
that baseline values for body weights and feed intake
could be established.

Mean body weight at 1 year was used as an indicator
of the growth of the animals. By this time, the
animals generally had had sufficient time to be influ-
enced by adverse effects of the chemical but not to be
greatly influenced by the variety of changes associated
with morbidity and mortality in older animals
(Turturro et al., 1993).
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Butyl Benzyl Phthalate Study ,
Groups of 60 male rats were fed diets containing O or
12,000 ppm butyl benzyl phthalate; groups of
60 female rats were fed diets containing O or
24,000 ppm butyl benzy! phthalate. Ten male and
ten female rats from each group were evaluated at
15 months for histopathology and organ weights.

Male and female F344/N rats were obtained from
Simonsen Laboratories (Gilroy, CA) for use in the
dietary restriction study. Rats were quarantined for
10 or 11 days before the beginning of the study.
Prior to the beginning of treatment, five male and five
female rats were selected for parasite evaluation and
gross observation of disease. Serology samples were
collected for viral screening. Rats were approx-
imately 6 weeks old at the beginning of the studies.
The health of the animals was monitored during the
studies according to the protocols of the NTP Sentinel
Animal Program.

Rats were housed five per cage. Water was available
ad libitum. Cages and racks were rotated. every
2 weeks. Further details of animal maintenance are
given in Table 1.

t-Butylhydroquinone Study

The design of the ¢-butylhydroquinone study is similar
to the design of the butyl benzyl phthalate study,
except that 70 male and 70 female rats were used and
the exposure began in utero. Five-week-old female
F344/N rats were. maintained for 5 to 7 weeks and
were then housed two per cage. At this time, females
began receiving 0 or 5,000 ppm #-butylhydroquinone
in feed; after 2 weeks, one male rat was cohoused
with each pair of females. When pregnancy was
ascertained by vaginal smear, the females were
housed individually; females continued to receive the
same diet during pregnancy and through weaning of
the pups. The litters were culled to four males and
four females on day 4 postpartum. During the fourth
week postpartum (from day 28 to day 35), two males
and two females were selected at random from each
litter until 70 males and 70 females per exposure
concentration were selected. These rats received the
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same concentration of ¢-butylhydroquinone as their
dams had received for up to 130 weeks. At 3 months,
10 males and 10 females per group were evaluated for
histopathology and organ weights.

Male and female F344/N rats used for breeding were
obtained from Taconic Laboratory (Germantown, NY)
for use in the dietary restriction study. Rats were
quarantined for 18 days before the beginning of the
study. Prior to the beginning of treatment, 10 male
and 10 female rats were selected for parasite eval-
uation and gross observation of disease. Serology
samples were collected for viral screening. The
health of the animals was monitored during the studies
according to the protocols of the NTP Sentinel Animal
Program.

F, rats were housed five per cage. Water was avail-
able ad libitum. Cages and racks were.rotated every
2 weeks. Further details of animal maintenance are
given in Table 1.

Salicylazosulfapyridine Studies

Groups of 60 male rats received 0 or 337.5 mg
salicylazosulfapyridine per kilogram body weight in
corn oil by gavage. Groups of 60 male mice received
0 or 2,700 mg/kg salicylazosulfapyridine in corn oil
by gavage. Ten rats and ten mice from each group
were evaluated at 15 months for histopathology and
organ weights.

Male F344/N rats and B6C3F, mice were obtained
from Simonsen Laboratories (Gilroy, CA) for use in
the dietary restriction studies. Rats and mice were
quarantined for 11 to 13 days before the beginning of
the studies. Prior to the beginning of treatment, five
rats and five mice were selected for parasite evalua-
tion and gross observation of disease. Serology
samples were collected for viral screening. Rats and
mice were approximately 6 to 7 weeks old at the
beginning of the studies. The health of the animals
was monitored during the studies according to the
protocols of the NTP Sentinel Animal Program.

Rats were housed five per cage and mice were housed

individually. Water was available ad libitum. Cages
and racks were rotated every 2 weeks. Further details
of animal maintenance are given in Table 1.

All animals were observed twice daily.
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Scopolamine Hydrobromide Trihydrate
Study o

Groups of up to 70 male and 70 female mice received
0 or 25 mg scopolamine hydrobromide trihydrate per
kilogram body weight in deionized water by gavage.
(Ten males and nine females in each group fed
ad libitum were evaluated for scopolamine hydro-
bromide trihydrate levels in plasma and were dis-
carded without further evaluation; results of these
analyses are included in NTP, 1997a). Ten male and
ten female mice from each group were evaluated at
15 months for histopathology and organ weights.

Male and female B6C3F, mice were obtained from
Simonsen Laboratories (Gilroy, CA) for use in the
2-year studies. Mice were quarantined for 14 days
before the beginning of the studies. Prior to the -
beginning of treatment, five male and five female
mice were selected for parasite evaluation and gross
observation of disease. Serology samples were
collected for viral screening. Mice were approxi-
mately 6 weeks old at the beginning of the studies.
The health of the animals was monitored during the
studies according to the protocols of the NTP Sentinel
Animal Program. :

Mice were housed individually. Water was available
ad libitum. Cages and racks were rotated every
2 weeks. Further details of animal maintenance are
given in Table 1. .

Clinical Examinations and Pathology

Clinical -
findings and body weights were recorded as described
in Table 1. ’

A complete necropsy and microscopic examination
were performed on rats and mice. At each interim
evaluation necropsy, selected organs of rats and mice
were weighed (see Table 1). At necropsy, all organs
and tissues were examined for grossly visible lesions,
and all major tissues were fixed and preserved in 10%
neutral buffered formalin, processed and trimmed,
embedded in paraffin, sectioned to a thickness of 5 to
6 pum, and stained with hematoxylin and eosin for
microscopic examination. For all paired organs (i.e.,

adrenal gland, kidney, ovary), samples from each

organ were examined. Tissues examined micro-
scopically are listed in Table 1.
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- Microscopic evaluations-were completed by the study
laboratory pathologist, and the pathology data were
entered into the Toxicology Data Management
System. The slides, paraffin blocks, and residual wet

“tissues were sent to the NTP Archives for inventory,
slide/block match, and wet tissue audit. The slides,
individual animal data records, and pathology tables
were evaluated by an independent quality assessment
laboratory. The individual animal records and tables
were compared for accuracy, the slide and tissue

“counts were verified, and ‘the histotechnique was
evaluated. A quality assessment pathologist reviewed
selected organs in each study. In the butyl benzyl

phthalate study, the organs examined included the

adrenal gland, kidney, liver, mammary gland (fe-
males), pancreas, pituitary gland (pars distalis),

_-spleen, thyroid gland (males), urinary bladder, and
uterus. In the #-butylhydroquinone study, the organs
examined included the bone marrow (females),
clitoral gland, forestomach (males), kidney (males),
liver; mammary gland, nose, pituitary gland, preputial
gland, spleen; and thyroid gland (males). In-the
salicylazosulfapyridine studies, selected neoplasms
and nonneoplastic lesions were examined. In the
scopolamine hydrobromide trihydrate study, the
organs and tissues examined included the bone
marrow (females), forestomach, liver, lung, kidney,
pancreatic islets (males), pituitary gland (females),
preputial gland teeth (males), thyroid gland and
uterus.

The quality assessment report and the reviewed slides
“were submitted to the NTP Pathology. Working Group
' (PWG) chairperson, who reviewed the selected tissues

and addressed any inconsistencies in the diagnoses

made by the laboratory and quality assessment pathol-
ogists. Representative histopathology slides con-
taining examples of lesions related to chemical

.administration, examples of disagreements in' diag-

" noses between the laboratory and quality assessment
pathologists, or lesions of general interest were
presénted by the chairperson to the PWG for review.

The PWG consisted of the quality assessment pathol-

ogist and other pathologists experienced in rodent

toxicologic pathology. This group examined the
tissues without any knowledge of dose groups or
previously rendered diagnoses. - When the PWG
consensus differed from the opinion of the laboratory
pathologist, the diagnosis was changed. Thus, the
final diagnoses represent a consensus of quality
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assessment pathologists, .the PWG chairperson, and
the PWG. Details of. these review procedures have
been described, in part, by Maronpot and Boorman
(1982) and Boorman et al. (1985). For subsequent
analyses of the pathology data, the diagnosed lesions
for each tissue type were evaluated separately or
combined- accordmg to the guldelmes of McConnell

etal. (1986)

STATISTICAL METHODS -

Survival Analyses

The probability of survival was estimated by . the
product-limit procedure of Kaplan and Meier (1958)
and is presented in the form of graphs. Animals
found dead of other than natural causes.or missing
were censored from the survival analyses; animals
dying from natural causes were not censored. Statisti-
cal analyses for possible chemical- related effects.on
survival used Cox's (1972) method for testing two
groups for equality and Tarone's (1975) life table test.
All reported P values for the survrval analyses are two
sided.

Calculation of Incidence .

The incidences of neoplasms or nonneoplastic lesions
as presented in Tables A1, A3, B1, B3, C1, C3, D1,
D3, El, E3, F1, F3, G1, G3, H1, and H3 are given
as the number of animals bearing such lesions at a
specific anatomic site and the number of animals with
that site examined microscopically. For calculation of
statistical srgmﬁcance, the incidences of most neo-
plasms (Tables A2, B2, C2, D2, E2, F2, G2 and H2)
and all nonneoplastic lesions are given as the numbers
of animals affected at each site examined microscop-
ically. However, when macroscopic examination was
required to detect neoplasms in certain tissues (e.g.,
skin; intestine, harderian gland, and mammary gland)

‘before microscopic evaluation, or when neoplasms

had multiple potential sites of occurrence (e.g.,
leukemia or lymphoma), the denominators consist of
the number of animals on which a necropsy was
performed. Tables A2, B2, C2, D2, E2, F2, G2, and
H2 also give the survival-adjusted tumor rate. for each
group and each site-specific tumor, i.e., the Kaplan-
Meier estimate of the tumor incidence that would have
been observed at the end of the study in the absence
of mortality from all other competing risks (Kaplan

-and Meier, 1958).
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Analysis of Neoplasm Incidences
The majority of neoplasms in these studies were
considered to be incidental to the cause of death or not
rapidly lethal. Thus, the primary statistical method
used was logistic regression analysis, which assumed
that the diagnosed neoplasms were discovered as the
result of death from an unrelated cause and thus did
not affect the risk of death. In this approach, neo-
plasm prevalence was modeled as a logistic function
of chemical exposure and time. Both linear and
quadratic terms in time were incorporated initially,
and the quadratic term was eliminated if the fit of the
model was not significantly enhanced. The neoplasm
" incidences of exposed and control groups were
compared on the basis of the likelihood score test for
the regression coefficient of dose. This method of
adjusting for intercurrent mortality is the prevalence
analysis of Dinse and . Lagakos (1983), further
described and illustrated by Dinse and Haseman
(1986). When neoplasms are incidental, this compari-
son of the time-specific neoplasm prevalences also
provides a comparison of the time-specific neoplasm
incidences (McKnight and Crowley, 1984).

In addition to logistic regression, other methods of
statistical analysis were used, and the results of these
tests are summarized in the appendixes. These
- methods include the life table test (Cox, 1972;
Tarone, 1975), appropriate for rapidly lethal neo-
plasms, and the Fisher exact test (Gart ez al., 1979),
a procedure based on the overall proportion of
neoplasm-bearing animals. ‘

Tests of significance included pairwise comparisons of
each exposed group with controls. -Continuity-cor-
rected tests were used in the analysis of neoplasm
incidence, and reported P values are one sided. The
procedures described in the preceding paragraphs
were also used to evaluate selected nonneoplastic
lesions. For further discussion of these statistical
methods, refer to Haseman (1984).
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Analysis of Nonneoplastic Lesion Incidences
Because all nonneoplastic lesions in this study were
considered to be incidental to the cause of death or not
rapidly lethal, the primary statistical analysis used was
a logistic regression analysis in which nonneoplastic
lesion prevalence was modeled as a logistic function
of chemical exposure and time. For lesions detected
at the interim evaluation of all studies and for lesions
detected in animals treated under the restricted-feed
protocols, the Fisher exact test, a procedure based on
the overall proportion of affected animals, was used.

Analysis of Continuous Variables

Organ and body weight data, which have approxi-
mately normal distributions, were analyzed with
Student's ¢-test.

Historical Control Data

Although the concurrent control group is always the
first and most appropriate control group used for
evaluation, historical control data can be helpful in the
overall assessment of neoplasm incidence in certain

- instances. Consequently, neoplasm incidences from

the NTP historical control database, which is updated
yearly, are included in the NTP reports for neoplasms
appearing to show compound-related effects.

QUALITY ASSURANCE METHODS

The studies were conducted in compliance with Food
and Drug Administration Good Laboratory Practice
Regulations (21 CFR, Part 58). In addition, as
records from the studies were submitted to the NTP
Archives, these studies were audited retrospectively
by an independent quality assurance contractor.
Separate audits covering completeness and accuracy
of the pathology data, pathology specimens, final
pathology tables, and-a draft of this NTP Technical
Report were conducted. Audit procedures and find-
ings are presented in the reports and are on file at
NIEHS. = The audit findings were reviewed and
assessed by NTP staff, so all comments had been
resolved or were otherwise addressed during the
preparation of this Technical Report.
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TABLE 1
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Experimental Design and Materials and Methods in the Study of the Effect of Dietary Restriction

on Toxicology and Carcinogenesis Studies in ¥344/N Rats and B6C3F,; Mice

Butyl Benzyl t-Butylhydroquinone Salicylazo- Scobolamine
Phthalate : . sulfapyridine Hydrobromide Trihydrate
Study Laboratory :
Southern Research Institute Southern Research Institute Southern Research Institute Battelle Columbus

(Birmingham, AL)

‘Strain and Species . .
Rats: F344/N

Animal Source
Simonsen Laboratories, .
Inc. (Gilroy, CA)

Time Held Before Studies

10-11 days

(Birmingham, AL)

Rats: F344/N’

F,: Taconic Laboratory
(Germantown, NY)

F,: Bred at study
laboratory

Fy: 18 days

Average Age When Studies Began

6 weeks

Date of First Dose
Ad libitum-fed and
weight-matched:

26 June 1989
Feed-restricted:

17 July 1989

Duration of Dosing
Ad libitum-fed and
weight-matched:
105 (male) or 106 weeks
(fernale) (7 days/week)
Feed-restricted: -
105 weeks (male and
female), 128 weeks .
(male), or 140 weeks
(female) (7 days/week)

F, ad libitum-fed and
weight-matched:
5 weeks

" F, feed-restricted:

5 weeks

F, ad libitum-fed and
weight-matched:

29 January 1990
F, feed-restricted:

12 February 1990

F, ad libitum-fed and
weight-matched:’

122 (male) or 128 weeks

(female) (7 days/week)
F, feed-restricted:
130 weeks (7 days/week)

(Birmingham, AL)

Rats: F344/N males
Mice: B6C3F; males

Simonsen Laboratories,
Inc. (Gilroy, CA)

Rats: 11-12 days
Mice: 11-13 days

6to7 wgeks

Ad libitum-fed and
weight-matched:
12 December 1988 (rats)
3 January 1989 (mice)
Feed-restricted:
27 December 1988 (rats)
16 January 1989 (mice)

Ad libitum-fed and
weight-matched:

103 weeks (5 days/week)
Feed-restricted:

104, 130 (rats), or

156 weeks (mice) .

(5 days/week)

(Columbus, OH)

Mice: B6C3F,;

Simonsen Laboratories,
Inc. (Gilroy, CA)

14 days

6 weeks

Ad libitum-fed and
weight-matched:

22 September 1988
Feed-restricted:

6 October 1988

Ad libitum-fed and
weight-matched: :

104 weeks (5 days/week)
Feed-restricted: =~

104 or 157 weeks

(5 days/week)
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TABLE 1
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Experimental Design and Materials and Methods in the Study of the Effect of Dietary Restriction
on Toxicology and Carcinogenesis Studies in F344/N Rats and B6C3F,; Mice (continued)

Butyl Benzyl t-Butylhydroquinone Salicylazo- Scopolamine
Phthalate sulfapyridine Hydrobromide Trihydrate
Necropsy Dates
Ad libitum-fed and F, ad libitum-fed and Ad libitum-fed and Ad libitum-fed and

weight-matched:
15-Month interim
evaluation -

26-27 September 1990
Termination -

24-26 June (male) and

1-3 July (female) 1991
Feed-restricted:
15-Month interim
evaluation -

16 October 1990
2-Year termination -

15-17 July 1991
30/32-Month
termination -

30 December 1991

(male) and

19 March 1992 (female)

Average Age at Necropsy
Ad libitum-fed and
weight-matched:

110 weeks (male);

111 weeks (female)
Feed-restricted:

110 or 134 weeks

(male);

110 or 145 weeks

(female) '

Size of Study Groups
15-Month interim
evaluation -

10 males and 10 females
Termination - :
- 50 males and 50 females

weight-matched:
3-Month interim
evaluation -

30 April (male) and

1 May (female) 1990

" Termination -

3 June (male) and

14-15 July (female) 1992
F, feed-restricted:
3-Month interim
evaluation -

14 May 1990
Termination ~

10-12 August 1992

F, ad libitum-fed and
weight-matched:
127 weeks (male);
133 weeks (female)
F, feed-restricted:
135 weeks

F,: 3-Month interim
evaluation -

10 males and 10 females
F,: Termination -

60 males and 60 females

weight-matched:
15-Month interim
evaluation -

12-13 March 1990 (rats)

3 April 1990 (mice)
Termination

10-14 December 1990

(rats)

31 December 1990-

4 January 1991 (mice)
Feed-restricted:
15-Month interim
evaluation -

27 March 1990 (rats)

17 April 1990 (mice)
2-Year termination -

26-27 December 1990

(rats)

14-15 January 1991

(mice)
30-Month/3-year
termination -

24 June 1991 (rats)

13 January 1992 (mice)

Ad libitum-fed and
weight-matched:

110-112 weeks
Feed-restricted:

110 or 136 weeks (rats)

110 or 162 weeks (mice)

15-Month interim
evaluation -

10 males
Termination -

50 males

weight-matched:
15-Month interim
evaluation -

21-22 December 1989
Termination -

17-20 September (male)

and 17-21 September

(female) 1990
Feed-restricted:
15-Month interim
evaluation -

4 January 1990
2-Year termination -

27-28 September 1990
3-Year termination -

26-27 September 1991

Ad libitum-fed and
weight-matched:
110 weeks
Feed-restricted:
110 or 162 weeks

15-Month interim
evaluation -

10 males and 10 females
Termination -

50 males and 50 females
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TABLE 1
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Experimental Design and Materials and Methods in the ‘Study of the Effect of Dietary Restnctlon
on Toxncology and Carcmogenes1s Studles in F344/N Rats and BGC3F1 Mme (continued) -

Butyl Benzyl t-Butylhydroqliinone - Salicylazo; Scopolamine
Phthalate : sulfapyridine Hydrobromide Trihydrate
Method of Distribution .
Animals were distributed Same as butyl benzyl Same as butyl benzyl Same as butyl benzyl

randomly into groups of
approximately-equal initial
mean body weight.

Animals per Cage
5 .

«

Method of Animal Identification

Tail tattoo

Diet

NIH-07 open formula meal
diet (Zeigler Brothers,
Inc., Gardners, PA),
available ad libitum,
changed daily

Water Distribution
Tap water (Birmingham
municipal supply) via’
automatic watering system
(Edstrom Industries, )
Waterford, WI), available
ad libitum ‘

Cages

Polycarbonate (Lab
Products, Inc., Maywood,
NJ), changed twice weekly

Bedding

Sani-Chips® hardwood
chips (P.J. Murphy Forest
Products, Montville, NI),
changed twice weekly

phthalate study

F: §
Tail tattoo

Same as buty! benzyl
phthalate study

Same as butyl benzyl
phthalate study

Same as butyl benzy!
phthalate study

Same as butyl benzyl
phthalate study

phthalate study

Rats: §
Mice: 1

Rats: Tail tattoo
Mice: Toe clip

Same as butyl benzyl
phthalate study, changed
twice weekly '

Same as buiyl ben?y!
phthalate study

Same as butyl benzyl
phthalate study, except
changed weekly for mice

Same as butyl benzyl
phthalate study, except
changed weekly for mice

phthalate study

Toe clip

NIH-07 open formula .
pellets (Zeigler Brothers,
Inc., Gardners, PA),
available ad libitum and
changed weekly, or 1-gram
pellets, available in fixed
amounts and changed daily

Tap water (Columbus
municipal supply) via
automatic watering system

- (Edstrom Industries,

Waterford, WI), available
ad libitum

Polycarbonate (Lab
Products, Inc., Maywood,
NJ), rotated every 2 weeks

Same as butyl benzyl
phthalate study, except .
changed weekly
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Experimenftali Design and Materials and Methods in the Study of the Effect of Dietary Restrictiom ‘

on Toxicology and Carcinogenesis Studies in F344/N Rats and B6C3F, Mice (continued)

Butyl Benzyl t-Butylhydroquinone Salicylazo- Scopolamine . .
Phthalate ‘ sulfapyridine Hydrobromide Trihydrate
Cage Filters
Remay® spun-bonded Same as butyl benzyl Same as butyl benzyl DuPont 2024 spun-bonded

polyester (Andico,
Birmingham, AL),
changed every 2 weeks

Racks

Stainless steel (Lab
Products, Inc., Maywood,
NJ), changed every

2 weeks

Animal Room Environment

Ad libitum-fed and
weight-matched:
Temperature -
13.1°t029.2° C
Relative humidity -
22% to 89%
Feed-restricted:
Temperature -
13.3° 10 28.6° C
Relative humidity ~
18% to 91%
All groups:
Fluorescent light -
12 hours/day
Room air -
minimum of
10 changes/hour

Doses

0 or 12,000 ppm (males)
and 0 or 24,000 ppm
(females) in feed that was
available ad libitum or in
restricted amounts

phthalate study

Same as butyl benzyl
phthalate study

F, ad libitum-fed and
weight-matched:
Temperature ~
17.3° t0 28.8° C
Relative humidity -
17% to 85%
F, feed-restricted:
Temperature -
14.2° t0 26.7° C
Relative humidity -
19% to 90%
All F, groups:
Fluorescent light -
12 hours/day
Room air -
minimum of
10 changes/hour

0 or 5,000 ppm in feed, -

available ad libitum or in
restricted ‘amounts

phthalate study

Same as butyl benzyl
phthalate study

Ad libitum-fed and
weight-matched:
Temperature -
13.5° to 25.9° C (rats),
13.4° t0 26.3° C (mice)
Relative humidity -
20% to 90% (rats),
15% to 87% (mice)
Feed-restricted:
Temperature -
16:2° t0 29.4° C (rats),
17.3° t0 29.7° C (mice)
Relative humidity -
21% to 90% (rats),
22% to 85% (mice)
All groups:
Fluorescent light -
12 hours/day
Room air -
minimum of
10 changes/hour

Rats: 0 or 337.5 mg/kg
body weight in corn oil
by gavage at a volume of
5 mL/kg body weight

Mice: 0 or 2,700 mg/kg
body weight in corn oil
by gavage at a volume of
10 mL/kg body weight

polyester (Snow Filtration,
Cincinnati, OH), changed
every 2 weeks

Same as butyl benzyl
phthalate study

Ad libitum-fed and
weight-matched:
Temperature -
20.0° t024.4° C
Relative humidity -
30% to 73%
Feed-restricted:
Temperature -
18.3° t0 26.7° C
Relative humidity -
15% to 79%
All groups:
Fluorescent light -
12 hours/day
Room air ~
minimum of
10 changes/hour

0 or 25 mg/kg body weight
in deionized water by
gavage at a volume of

10 mL/kg body weight
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Experimental Design and Materials and Methods in the Study of the Effect of Dietary Restriction
on Toxicology and Carcinogenesis Studies in F344/N Rats and B6C3F,; Mice (continued) :

Butyl Benzyl
Phthalate

t-Butylhydroquinone

Salicylazo-
sulfapyridine

Scopolamine

Hydrobromide Trihydrate

Type and Frequency of Observation

Observed twice daily. °
Animals were weighed and
clinical findings were
recorded initially, weekly
for 13 weeks, monthly
thereafter, and at the end
of the studies. Feed
consumption by rats fed
ad libitum was recorded
weekly by cage for

26 weeks and monthly
thereafter; feed
consumption for other
groups was recorded daily
for 15 months and monthly
thereafter.

Method of Sacrifice
CO, asphyxiation

F,: Observed twice daily.
Animals were weighed and
clinical findings were
recorded initially; on-
lactation days 4, 11, 18,
and 28; at the beginning of
adult exposures; weekly
for 13 weeks; monthly
thereafter; and at the end
of the studies. Feed
consumption by control
rats fed ad libitum and
weight-matched controls
was recorded weekly by
cage for 26 weeks and
monthly thereafter. Feed
consumption for restricted-
feed groups was recorded
weekly for 36 weeks and
monthly thereafter. Feed
consumption for other
groups was recorded
monthly.

CO, asphyxiation

Observed twice daily.
Animals were weighed and
clinical findings were
recorded initially, weekly
for 13 weeks, monthly
thereafter, and at the end
of the studies. Feed
consumption by control
rats (by cage) and mice (by
animal) fed ad libitum was
recorded weekly for

26 weeks and monthly
thereafter. Feed
consumption by other rat
groups was recorded
monthly. Feed
consumption by weight-
matched and feed restricted
mouse groups was
recorded daily for

21 months, then 5 days a
week for 1 week each
month. For dosed mice
fed ad libitum, feed
consumption was recorded
S days a week for 1 week
each month.

CO, asphyxiation °

Observed twice daily.
Clinical findings were
recorded initially, monthly
thereafter, and at the end
of the studies. Animals
were weighed initially,
weekly for 13 weeks,
monthly thereafter, and at
the end of the studies.
Feed consumption was not’
recorded.

Anesthetization with
CO,:0, followed by
exsanguination by cardiac
puncture (for groups with
blood analyses); CO,:0;
asphyxiation (all other
groups) ’
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Experimental Design and Materials and Metheds in the Study of the Effect of Dietary Restriction
on Toxicology and Carcinogenesis Studies in F344/N Rats and B6C3F, Mice (continued) '

Butyl Benzyl ¢£-Butylhydroquinone Salicylazo- Scopoelamine
Phthalate sulfapyridine Hydrobromide Trihydrate
Necropsy

Necropsy was performed
on all rats. Organs
weighed at the 15-month
interim evaluation were
right epididymis, right
kidney, liver, and right
testis.

Histopathology
Complete histopathology
was performed on all rats.
In addition to gross lesions
and tissue masses, the
tissues examined included:
adrenal gland, bone and
marrow, brain, clitoral
gland, epididymis,
esophagus, eyes (if grossly
abnormal), heart, kidney,
large intestine (cecum,
colon, and rectum), liver,
lung, lymph nodes
(mandibular and
mesenteric), mammary
gland, nose, ovary,
pancreas, parathyroid
gland, pharynx (if grossly
abnormal), pituitary gland,
preputial gland, prostate
gland, salivary gland,
seminal vesicle, spleen,
small intestine (duodenum,
jejunum, and ileum), spinal
cord and sciatic nerve (if
neurologic signs were
present), stomach
(forestomach and glandular
stomach), testis, thymus,
thyroid gland, trachea,
urinary bladder, and
uterus.

Necropsy was performed
on all F, rats. Organs
weighed at the 3-month
interim evaluation were
right epididymis, right
kidney, liver, and right
testis.

Complete histopathology
was performed on all rats.
In addition to gross lesions
and tissue masses, the’
tissues examined included:
adrenal gland, bone and
marrow, brain, clitoral
gland, epididymis,
esophagus, eyes (if grossly
abnormal), heart, kidney,
large intestine (cecum,
colon, and rectum), liver,
lung, lymph nodes
(mandibular and
mesenteric), mammary
gland, nose, ovary,
pancreas, parathyroid
gland, pharynx (if grossly
abnormal), pituitary gland,
preputial gland, prostate
gland, salivary gland,
seminal vesicle, spleen,
small intestine (duodenum,
jejunum, and ileum), spinal
cord and sciatic nerve (if
neurologic signs were
present), stomach
(forestomach and glandular
stomach), testis, thymus,
thyroid gland, trachea,
urinary bladder, and
uterus.

Necropsy was performed
on all animals. Organs
weighed at the 15-month
interim evaluations were
right kidney, liver, spleen,
right testis, and right
thyroid gland.

Complete histopathology
was performed on all rats
and mice. In addition to
gross lesions and tissue
masses, the tissues
examined included:
adrenal gland, bone and
marrow, brain,
epididymis, esophagus,
eyes (if grossly abnormal),
gallbladder (mice), heart,
kidney, large intestine
(cecum, colon, and
rectum), liver, lung, lymph
nodes (mandibular and
mesenteric), mammary
gland, nose, pancreas,
parathyroid gland, pharynx
(if grossly abnormal),
pituitary gland, preputial
gland, prostate gland,
salivary gland, seminal
vesicle, spleen, small
intestine (duodenum,

jejunum, and ileum), spinal.

cord and sciatic nerve (if
neurologic signs were
present), stomach
(forestomach and glandular
stomach), testis, thymus,
thyroid gland, trachea, and
urinary bladder.

Necropsy was performed
on all mice. Organs
weighed at the 15-month
interim evaluation were
right epididymis, right
kidney, liver, and right
testis.

Complete histopathology
was performed on all
mice. In addition to gross
lesions and tissue masses,
the tissues examined
included: adrenal gland,
bone and marrow, brain,
clitoral gland, epididymis,
esophagus, eyes (if grossly
abnormal), gallbladder, -
heart, kidney, large
intestine (cecum, colon,

- and rectum), liver, lung,

lymph nodes (mandibular
and mesenteric), mammary
gland, nose, ovary,

" pancreas, parathyroid

gland, pharynx (if grossly
abnormal), pituitary gland,
preputial gland, prostate

" "gland, salivary gland,

seminal vesicle, spleen,
small intestine (duodenum,
jejunum, and ileum), spinal
cord and sciatic nerve (if
neurologic signs were
present), stomach
(forestomach and glandular
stomach), testis, thymus,
thyroid gland, trachea,
urinary bladder, and
uterus.
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RESULTS

BUTYL_ BENZYL PHTHALATE FEED STUDY
AD LIBITUM IF]E]ED]ING AND WEIGHT-MATCHED CONTROLS PROTOCOLS

Survival A

Estimates of 2-year survival probabilities for male and
female rats fed ad libitum and the weight-matched
control rats are shown in Table 2 and in the Kaplan-
Meier survival curves in Figure 3. The survival rates
of exposed male and female rats were similar to those
of the controls fed ad libitum but less than those of the
weight-matched controls.

Body Weights :
- Mean body weights are given in Figure 4 and in
Appendix. J, Table J1. At 1 year, the mean body
weight of exposed males was approximately 92 % that
of the controls fed ad libitum and 104% that of the
weight-matched controls. The mean body weight of
females in the 24,000 ppm group was 80% that of the
controls fed ad libitum and 108 % that of the weight-
matched controls at 1 year. From 1 year through the
end of the study, the mean body weight of exposed
males remained within 8% that of the controls fed

ad libitum and within 7% that of the weight-matched
controls; the mean body weight of exposed females
fell to 73 % that of the controls fed ad libitum by the
end of the study, but remained within 9% that of the
weight-matched controls through the end of the study,
indicating that the weight-matching protocol was
successfully employed.

Feed Consumption, Clinical Findings,

and Organ Weights

Feed consumption by exposed males was similar to
that by the controls during the study; females in the
24,000 ppm group consumed less feed than the
ad libitum-fed controls from week 38 through the end
of the study (Table K1). There were no clinical find-
ings related to butyl benzyl phthalate administration.

The absolute and relative right kidney and liver
weights of exposed males and females were greater
than those of the weight-matched controls (Table I1a).
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TABLE 2

Survival of Rats in the Dietary Restriction Study of Butyl Benzyl Phthalate:
Ad Libitum Feeding and Weight-Matched Controls Protocols

Ad Libitum- Weight-Matched 12,000 ppm
Fed Control Control
Male ,

" Animals initially in study 60 60 " 60
15-Month interim evaluation® 10 10 10
Moribund 19 15 26
Natural deaths 3 1 2
Animals surviving to study termination ¢ 28 33 22
Other® 1
Percent probability of survival at the end of studyb 57 . 68 : 44
Mean survival (days)® 625 648 632
Survival analysis® : P=0.520
Survival analysis® P=0.036

Ad Libitum- Weight-Matched 24,000 ppm
Fed Control Control
Female
Animals initially in study 60 60 60
15-Month interim evaluation® 10 10 10
Moribund 23 7 .20
Natural deaths ‘ 2 2 1
Animals surviving to study termination ' 25 41 29
Percent probability of survival at the end of study 50 82 . 59
Mean survival (days) ) 651 ‘ 672 . 645
Survival analysis ' P=0.759N
Survival analysis ) P=0.011
2 Censored from analyses
b Kaplan-Meier determinations
; Mean of all deaths (uncensored, censored, and terminal sacrifice)

The results of the life table pairwise comparisons (Cox, 1972) with the controls fed ad libitum are in the exposed group column. A lower
mortality in the exposed group is indicated by N. '
Result of life table pairwise comparison with the weight-matched controls
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